I INTRODUCTION
SRO parameters can be measured d i r e c t l y from EXAFS c o r r e l a t i o n functions i n the case o f s o l i d solutions having favorable structures. A good example i s afforded by MgO-FeO solutions having the NaC1 structure. The magnitude o f the second neighbor peak i n the d i s t r i b u t i o n f u n c t i o n f o r t h i s s o l u t i o n i s very s e n s i t i v e t o the composition o f the second s h e l l . This i s n o t only t r u e because o f the markedly d i f f e r e n t backscattering amplitudes o f Fez+ and Mg, b u t i s also due t o the l a r g e backscattering phase d i f f e r e n c e over the f u l l k range. Clustering o r ordering behavior would thus create substantial differences i n second peak area r e l a t i v e t o a random mixture o f cations. Since the f o u r t h and s i x t h s h e l l s are also composed only o f cations, SRO parameters i n v o l v i n g these s h e l l s are also measurable i n p r i n c i p l e . The determination o f SRO i n ceramic o r mineral solutions by standard X-ray methods i n v o l v i n g d i f f u s e i n t e n s i t y measurements i s a formidable task. The diffuse i n t e n s i t y i s r e l a t e d t o the square o f the d i f f e r e n c e i n the atomic s c a t t e r i n g f a c t o r s /I/. I n successfully studied metal systems, such as CuAu, t h i s value i s about 2500 electron u n i t s a t k=O. I n the MgO-FeO system the analogous value i s only 196. The s i t u a t i o n i s even worse near the compositional l i m i t s , i.e. a t high d i l u t i o n . However, EXAFS analysis i s l a r g e l y independent o f element d i l u t i o n and good r e s u l t s should be obtainable even a t ppm l e v e l s o f the probe atom.
I n the present work we r e p o r t the measurement o f second neighbor SRO i n MgO-FeO (PW), MgO-LiFe02 (PLF) and c~M~s~~o~-c~F~~+ s~~o~ (DiHd) s o l i d solutions. The DiHd s o l u t i o n i s of great importance t o studies o f subsolidus phase r e l a t i o n s i n the clinopyroxene (CPX) minerals. I n the CPX s t r u c t u r e chains o f SiO4 tetrahedra are held together by an a l t e r n a t i n g chain o f s i x and e i g h t coordinated cations, i n the M1 and M2 s t r u c t u r a l s i t e s , respectively. I n DiHd the l a r g e r M2 s i t e i s f i l l e d by Ca and the smaller s i t e by Mg o r Fez+. The M1 octahedra share edges forming a pseudo-one dimensional chain through the s t r u c t u r e /2/.
Each M1 octahedron also shares edges w i t h three M2 polyhedra which do n o t share edges w i t h each other.
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Accordingly, EXAFS probe atoms l o c a t e d o n M1 s i t e s can sense the i d e n t i t y o f next nearest neighbor atoms i n adjacent M1 and M2 s i t e s leading t o d i r e c t determination o f MI-MI and MI-M2 SRO parameters.
I n cases of charge coupled s u b s t i t u t i o n s , as i n PLF and pyroxenes l i k e ~a~e 3 +~i~0~-CaMgSi206 (Acmite-Diopside, AcDi) i t i s n o t known how c l o s e l y the charge compens a t i n g species a r e located. The measurement o f SRO parameters should h e l p solve t h i s long-standing problem i n s t r u c t u r a l chemistry. I 1 SRO I N MgO-FeO SOLID SOLUTIONS Figure 1 shows a comparison o f t h e observed second s h e l l peak areas w i t h those c a l c u l a t e d from theory i t P W s o l u t i o n s assuming complete andomness. The samples were synthesized a t 1140 C and should have cimplete Mg-FeR disorder /3/. The two t h e o r e t i c a l curves demonstrate t h e importance o f p r o p e r l y d e f i n i n g t h e i n t e r a t o m i c distances used i n the EXAFS refinement. The change i n i n t e r a t o m i c distance ( r ) i n P W can be modeled by distance l e a s t squares (DLS) techniques /4/.
Such modeling p r e d i c t s near Vegard behavior o f r f g r second nearest neighbors ( b u t n o t a l l neighbors). Use o f r f i x e d a t 3.00 A s h i f t s t h e minimum i n t h e curve and has a poorer fit t o t h e observations. However, t h i s e f f e c t i s small i n P W s o l u t i o n s where t h e r e are no o t h e r types o f atoms c o n t r i b u t i n g t o the second s h e l l EXAFS, as w e l l as a l a r g e coordination number (12) which gives a l a r g e t o t a l backscattering amplitude. I n more complex s o l u t i o n s such as DiHd, c o r r e c t modeling of the distances, independent o f t h e EXAFS analysis, i s essential f o r q u a n t i t a t i v e r e s u l t s .
I n t h e t h e o r e t i c a l c a l c u l a t i o n s we have used t h e backscattering amplitudes as compiled by Teo and Lee /5/, and phase s h i f t f u n c t i o n s obtained from model com- Teo and Lee backscattering amplitudes, empirical phase s h i f t functions and Vegard trend interatomic distances. The observations are generally consistent with the theory. However, the 5% LF point f a l l s well below the theory curve. This may be due t o ~e 3 + -v a c a n c~ clustering in the sample which has been suggested by Mossbauer quadrupole s p l i t t i n g versus composition plots of the PLF solution /6/. Ordering may also be occurring in the 100% LF sample which has been known to have considerable SRO a f t e r undergoing certain annealing periods. Because of the complexity of possible simultaneous ordering and clustering in solutions such as PLF, additional data points need t o be collected before full evaluation of SRO can be completed.
pounds. Use o f empirical amp1 i t u d e f u n c t i o n s would improve the fit t o t h e observations, since t h e Teo and Lee Mg backscattering amplitudes appear t o be s y s t e m a t i c a l l y smaller than those t h a t we observe f o r second s h e l l s i n other model structures. Figure 2 shows t h e r e f i n e d number o f second neighbor Mg atoms determined from t h e EXAFS. The standard e r r o r i s about 0.5 atom. Work i s now continuing on f o u r t h s h e l l SRO and a complete DLS p i c t u r e o f the s o l i d s o l u t i o n s t r u c t u r e .
IV SRO in C~M~S~ ,,oG-ca~e2+~i ?06 .SOLID SOLUTIONS Pyroxene solutions are much.more d i f f i c u l t to model than the NaCl structures due t o the large number of atoms necessary f o r a proper simulation. W e are presently in the process of evolving DLS pyroxene models which incorporate variable SRO parameters f o r the description of the MI-M1 and MI-M2 ordering. The absence of a minimum in the rea versus composition curve i s due to the relatively small effect of ~g-Fe?+ mixing on the total second shell peak area. The area i s as much affected by the changing distances of the other second shell atoms, namely Si a t three different distances, Ca in M 2 and 0. Because of t h i s the evaluation of SRO in complex solid solutions must be done with great care in order to produce meaningful results. Modeling of the structure i s probably the only way t o obtain sound interatomic distances f o r mu1 tishell EXAFS analysis.
Our DiHd samples were synthesized a t 800°C and 2 kbar. This temp rature i s sufficient t o remove much of the long range ordering of Mg and Felt in orthopyroxene /7/. However SRO information on any pyroxene system has never been measured by any method. Our work i s presently continuing on 3 other pyroxene CPX solutions and Omphaci t i c compositions. i) In certain we1 1 defined sol id solutions SRO parameters can be measured directly from EXAFS structure function peak areas. ii) Measurements and modeling on MgO-LiFeO2, MgO-FeO and Diopside-Hedenbergite solid solutions indicate that these are almost completely disordered at the temperatures used for sample preparation. iii) The use of empirical phase shift functions is necessary in general for successful refinement of second or more distant shell EXAFS contributions. iv) Crystal structure modeling is essential to obtaining proper interatomic distances for input to EXAFS second and more distant shell refinements. 
